This paper presents an economic analysis of small-scale agricultural production efficiency and household welfare in Burundi. We used recent advances in data envelopment analysis (robust DEA) to generate standard and bootstrap-bias-corrected technical efficiency scores for a nationwide sample of farms in the country. Next the correlation between these farm efficiency scores and household poverty levels was checked. Finally, an instrumental variable approach was used to assess the link between household welfare and farm productivity. Findings highlight that smaller farms are more efficient than the larger farms. Yet, given their small size, this efficiency level is not sufficient to raise the farm income above the poverty line which raises concerns about small farms' viability. Most of them are too small and agriculture can no longer provide a realistic livelihood for the household to earn a living. As a consequence, most of the land-constrained household are poor and food insecure despite their higher productivity. Both consumption and income appear as increasing functions of the farm size. As such, it is hard to appreciate how the inverse relationship between farm size and land productivity can strengthen nearly landless households or how livelihoods can be sustained in small scale farms of Burundi. Fundamental changes in the farming systems and agricultural policy are necessary to increase the scope for sustainable smallholder-led agriculture and its spill-over effects on the country's economy.
Introduction
The potential of smallholder agriculture to create employment in rural areas, to generate income, and to contribute to household food security has been well documented in many developing countries [1, 2] . Since 1964, when Schultz formulated the "poor-but-efficient" hypothesis, smallholder farmers attracted the attention of researchers, donors and decision makers alike. By agreeing that small-scale farmers are more rational, compared to the large landowners in allocating their scarce resources, improving the livelihoods of these households becomes a central aim of agriculture-led development. An impressive body of literature confirms that small-scale farms are efficient by showing an inverse relationship between farm size and yield [3, 4] . Better efficiency on small-scale farms is partly attributed to the abundant family labour per unit of land. Family workers are typically more motivated than hired workers and provide self-supervised high quality labour [5] .
In addition, small farms achieve higher productivity with lower capital input compared to large farms, which is very important in countries where land and capital are scarce relatively to labour [6] and markets for credit and inputs are imperfect.
Empirical evidence suggests that support to small farms should not only be motivated by efficiency reasons but also because family farms are needed to maintain stability in the community, to secure sustainability of agricultural production and to stimulate local rural economic growth. Productive activities on smallscale farms as well as their labour mobilization, consumption patterns, ecological knowledge and common interests in long-term maintenance of the farm as a resource, contribute significantly to a stable and lasting local economy [7] . Smallholder farms contribute to reducing unemployment, provide a more equitable distribution of income and generate an effective demand for products and services from other sectors of the economy [8] . By spending substantial shares of the extra income on locally produced nonagricultural goods and services, they contribute to markets and production of often labour-intensive goods [2, 9, 10] .
In turn, these demand-driven growth linkages provide better income-earning opportunities for the most vulnerable groups including nearly landless farmers and workers. Hence, both direct and indirect effects arising from supporting small farms contribute to the overall reduction in rural poverty and food insecurity [1, 6] as these households account for large shares of the rural poor [11] . Moreover, growth in the smallholder farm sector adds to a more vibrant rural non-farm economy which in turn could constrain the rural-urban migration [6] . However, the viability of smallholder farms today is greatly challenged. They are confronted with tradedistorting agricultural policies and the shift toward increasingly integrated and consumer driven markets as part of market liberalization and globalization [6, 12, 13] . Also access to sufficient land is a great concern [14] .
In many poorer countries, the continuous spatial subdivision of landholdings has reached levels where a growing number of subsistence farms are unable to achieve their primary goal to secure the families' food and income [15] . Hence, a pertinent question is if and how farm size affects the ability of the farmers to provide a decent living to the household and further ensure communities' long-term economic sustainability? According to Hazell, the minimum acceptable size of a farm depends on the possibility in complementing income from farm activities with non-farm income [6] . At a certain level of farm size division, farms could get so small that production becomes too low to warrant their farming activity. Non-farm income is then needed to survive, but non-farm income earning opportunities may be very scarce especially in the rural areas of least developed countries. Jayne et al. (2003) [14] emphasised the growing number of landless and nearly landless farms leading ultimately to a rapid exodus from the countryside despite the low accommodation capacity and high rates of unemployment in African cities.
Against this background, this study assesses the link between farm size, productivity and household welfare in the context of highly fragmented landholdings of Burundi. Demographic pressure has caused shortages of agricultural lands. In addition, the intensive cultivation led to serious soil erosion and fertility problems [16] , and therefore put limits on the scope of sustainable intensification. Yet, the agricultural sector is considered to be the backbone of the country's economy and its problems hence call for comprehensive public interventions [17] .
A study by Verschelde (2013) [18] in two Northern provinces of Burundi found an inverse relationship between farm size and land productivity while showing a strong correlation between farm size and household food security [18] . This inverse relationship has been confirmed for other smallholder farming systems too. The findings may not come as surprise if one assumes the limits of scale economies due to limited mechanisation, input use and market. Yet, how small, a small farm is allowed to be as to secure household survival? For numerous households, farm income is not sufficient to properly remunerate the farmer's work nor to support household food and non-food needs [17] . Therefore, even though smaller farms are considered more productive, the key question for the farm family is in the end whether the total income generated and food produced allows them to feed their families and to cross the poverty line.
Higher farm productivity may allow an exit from poverty, if the size of production and the income generated is sufficiently large; or in other words if the farms are of a minimal size [19] . Access to land is generally regarded as a key issue for sustainable livelihoods in Burundi [20] . Scholars view access to land as a significant determinant of food security, vulnerability to risks and shocks, and income potential [21] . A particular question is also how efficiency levels influence welfare given a certain farming system and land area. This relationship may differ from the one between land area and efficiency. This basically answers the question whether it is possible for a household to gain welfare through improving the farming system's efficiency given the land it has available.
The link between the inverse relationship of farm size and efficiency, and a discussion on minimum scale to secure sufficient quantities of food for the family, is not often made. We want to close this gap in literature. This study makes at least two contributions to literature. First it analyses the production levels and efficiency of production in terms of energy and macronutrient levels. The production and income recalculated in food availability and accessibility allow investigating farm production from a nutritionsensitive agriculture perspective. We calculate the relationship between farm size, efficiency levels, production size, income and food security. Second, we add a question of minimum scale to the inverse relationship literature. As far as we know this has been overlooked in literature so far. We use a dataset of information collected by the Ministry of Agriculture from farms across Burundi. We apply a Data Envelopment Analyses (bootstrapped to increase robustness of the results) to calculate efficiencies which are then compared to absolute levels of production and income. We estimate how increase in efficiency, given the land area, can influence farm household's welfare levels. The key welfare variable for this study is farm income per adult equivalent. Despite that income is considered less desirable in measuring consumption-based welfare, it is generally accepted as a key indicator of household economic activity and welfare [14] .
Study Methodology Data
This study uses data from a recent agricultural survey available from the National Statistical Bureau of Burundi (ISTEEBU).
The nationally representative survey was conducted in the 16 provinces of the country on a sample of 2560 farm households during the cropping year 2011-2012. In each of the 16 provinces, 20 collines (administrative demarcation) were randomly selected and in each colline, 8 farm households were randomly chosen to participate in the survey. The main purpose of the survey was to update agricultural statistics in the country. The survey included 14 sections with questions related to farm production, household characteristics, income generating activities and livestock keeping. Households were visited several times during all three agricultural seasons. The data on agriculture was complemented by data on living-conditions collected by the World Bank on the same farm household sample. For some variables, we noticed measurement and encoding errors which prevented identification and therefore merging of the datasets 1 . Farm households which could not be matched were removed from the dataset, resulting in a sample of 2130 farm households. Note that the province of Bujumbura mairie (which is the most important urban area in the country) was not considered in the survey due to the relatively minor role it plays in agricultural production of the country.
Variables Included in the Study
Not all available data were used in this study. Only variables related to household size and composition, agricultural investments and annual production were considered. Household composition is given in number of adult equivalents taking into account the household structure. The Adult Equivalents are created to normalize the nutritional needs of different family members in a household based on age and gender [22, 23] . Pregnancy and breastfeeding were not included in the study due to lack of related information in the dataset. With regard to farm production, we valued food crops production at their market prices, irrespective of whether crops were sold, consumed by the household or exchanged through social networks 2 . The quantity of each crop was multiplied by an average market price 3 of the respective crop because individual farm-gate prices were missing. They are highly volatile while only very limited amounts of produce are sold in most farm households. We consider that this price represents the real amount of money that farmers would have to pay to acquire the products on the market. Annual production was also valued in terms of calorie and food macronutrients (proteins and fat contents) in order to aggregate the production in a single unit that can be compared with the household food needs. Production quantity of each crop was multiplied by respective approximate content in calories, proteins and fat issued by FAO 4 .The production of banana was taken separately because banana can be considered a semi-cash crop as it is mostly used to produce the locally well-known and highly marketed banana wine/beer [24] . Cash crops are coffee, tea and cotton, and related income and non-farm income were reported by farmers during the interviews.
Land size, labour and cost of purchased inputs (agricultural expenditures) were included as production factors. For land, the total farm area that was used for growing crops in the three cropping seasons of the 2011-2012 agricultural year was calculated. The impact of land fragmentation was assessed because a single farm in Burundi consists of numerous spatially separated parcels. Whereas some authors consider land fragmentation as an obstacle that causes inefficiencies in production and hence reduces income of farmers, others view it as an advantage for farmers to mitigate risk and optimise the cropping activities calendar [25] . Land fragmentation was captured by Simmons index which is the sum of different plot areas squared divided by the square of total cropping area ; with : area of plot ). This index varies between zero and one, with the higher values indicating lower fragmentation [25] .
Two different sources of labour were considered, namely family labour measured as the number of adult family workers, and hired labour expressed in labour expenditure. Although the former is an imperfect proxy of the effective time spent by family workers on the farm household, it was used as we lacked more detailed data. Most of farm work is done by family members. Due to the absence of an alternative labour market to agriculture, overemployment on own farms is very common. One may assume that the marginal productivity is almost zero in such case which makes it difficult to calculate the opportunity cost for labour. The extra labour is sometimes hired, but paid very low wages. Hence, the true value of the labour is very difficult to quantify and the wage levels are used as proxies.
Purchased inputs concerned expenditures for seeds and chemicals. Generally, seeds and seedlings used in agricultural production in Burundi are mostly local varieties taken from previous harvests. Yet, farmers often complement the seed stock with purchases or simply buy all the seeds if the quantity (previously) harvested was not sufficiently enough to deduct the seeds. Farmers may also choose to buy improved seeds to enhance productivity. Farmers buy fertilizers and pesticides even though at less extent.
Analytical Framework
The model presented in this paper is based on a Data Envelopment Analysis that generates efficiency scores for each farm in the sample related to the best performing peer farm. These efficiency scores are then compared to the poverty levels by farm size. We improve the traditional DEA and poverty measures in three ways: first, we used robust DEA model to generate standard and bootstrap-bias-corrected technical efficiency scores among farms. We used an approach for bootstrapping proposed by Simar and Wilson (2000) [26] which simulates the effect of noise in the data on efficiency evaluation. agricultural production and the possible occurrence of outliers, this more robust modelling approach significantly improves the estimation of predicted behaviour of scarce resource use in different policy contexts or in different production activities.
Second, the P-alpha measure of poverty, developed in 1984 by Foster, Greer and Thorbecke, was used to define the poverty levels (poverty incidence, gaps and severity) among farm households. We used a poverty threshold estimated for Burundi by Bundervoet (2006) [27] as the poverty line. Based on a consumption bundle deemed adequate to satisfy basic needs, the food poverty line was estimated at 14.95 USD 5 per adult equivalent per month to which a minimum amount of 3.3 USD per month for non-farm needs was added. This sums up to 18.25 USD per adult equivalent [27] . With an exchange rate of 1238 BIF 6 to the USD, the overall poverty line was defined at 22 593.5 BIF per adult equivalent per month or 271 122 BIF (219USD) per adult equivalent per year.
Third, a regression analysis was implemented to assess the driving factors of household welfare measured as household income per adult equivalent. An Instrumental Variable (IV) regression approach was used to deal with reversed causality between farm efficiency and household welfare causing problems of endogeneity. This IV approach is used for confounding control [28] . The principle is that variables correlated with some outcomes through their effect on other variables, are explicitly excluded from some equations and included in others [29] in a system of equation known as structural equations models.
Efficiency analysis
We used a non-parametric procedure to estimate the farms' production frontier. Non-parametric approaches are sometimes preferred over parametric methods because the latter requires assumptions such on the mathematical specification of the functional form of the production [30] . DEA methods have gained greater momentum after the pioneering work by Charnes et al. (1978) [31] for a Constant Return to Scale (CRS) version of DEA, which was later extended by Banker et al. (1984) [32] to a Variable Return to Scale (VRS) DEA framework. The individual technical efficiency scores are calculated using mathematical programming techniques where the solutions satisfy inequality constraints of all decision making units involved.
The CRS restriction assumes that all farms in the analysis are performing at an optimal scale. However, technical efficiency scores reported under CRS are biased by scale efficiencies. The Variable Return to Scale (VRS) implies that each unit is compared to a 'peer group' consisting of a linear combination of efficient production units with similar size [33] . This study uses a VRS specification.
Mathematically, the model is represented as follows [34],
given column vectors of inputs (denoted by ) and of outputs (denoted by ) , the production set of physically attainable points is given by:
(1)
This can be described as either an input-oriented set (minimizing the proportional input variables while remaining within the envelopment space) defined as ,
Or an output oriented set (maximizing the proportional increase in the output vector) defined as ,
The choice of any particular orientation only has a minor influence upon the reported efficiency scores [35] . The radial (input-oriented) efficiency boundary (efficient frontier) is then defined by:
The Farell input measure of efficiency for a production unit working at level is defined as:
And given an output level , and an input mix (a direction) expressed by the vector , the efficiency level of inputs is determined by:
, which is the projection of on the efficient boundary , along the ray and orthogonal to the vector .
The same algorithm can be applied to the output space where the output boundary is defined for all ; as:
Then the Farell output measure of efficiency for a production unit working at level is defined as:
The efficient level of output, for the input level and for the direction of the output vector determined by is given by .
Note that the frontier is unique; and are two different ways of describing it [34, 36] .
Robust optimization
All deviations from the frontier are considered as inefficiencies in the standard DEA which makes the approach unable to accommodate measurement errors and it is extremely sensitive to outliers [36, 37] . To overcome those problems, researchers started to incorporate stochastic considerations into DEA models [26, 34, [38] [39] [40] [41] . The bootstrapping approach was first introduced to the standard DEA model by Simar (1992) . Henceforth, the stochastic programming based on robust optimization became a common approach to handle uncertainty and is preferred due to its applicability [42] . Based on statistically well-defined models, the method allows for robust estimation of the production frontier as well as of the corresponding efficiency scores [33, 43] . Bootstrapping investigates the reliability of the data by creating a pseudo-replicate data set using Monte Carlo approximation, which provides a better estimation of parameters of the interest. The bootstrap distribution will mimic the standard unknown sampling distribution of the estimators of interest resulting in changes in the ranking of bias-corrected efficiency scores from the standard efficiency scores. The DEA bootstrapping process is well documented in [26, 34] .
The robust DEA model was used to estimate input-oriented measures of technical efficiency with variable return to scale. The production activities are disaggregated into following inputs: area cropped, agriculture investment (expenditure on seeds, labour, fertilizers and pesticides), and labour expressed in number of adult persons (active) in the household; and three outputs: food production (calories), total banana production (kg) and cash crop incomes (section 3.2.2provides more details on the inputs and outputs).
Household poverty assessments
To evaluate poverty levels among farm households, we used the P-alpha measure of poverty or the poverty gap index first developed by [44] 
With the headcount ratio, the income-gap ratio, the squared coefficient of variation measures inequality and is defined as:
, where , then (10) is obtained when n and are substituted for q and z in the definition of P.
For households whose income is below the poverty line, poverty measures can be calculated from the following general equation [44] : (11) The quantity in parentheses is the proportional shortfall of expenditure or income to the poverty line for households living below that line. The parameter can be viewed as a measure of poverty aversion: a larger gives greater emphasis to the poorest households in the community. For , the measure is simply the headcount ratio , where there is no aversion to poverty. When , gives the depth of poverty or poverty gap ( ). By setting , the measure of is obtained, which is commonly known as the poverty severity [44] [45] [46] .
Results and Discussion

Descriptive Statistics on Farm Household
The sample of 2130 farm households retained for the study was divided into four land quartiles in order to illustrate the possible relationship between landholding on the one hand and household characteristics, farm stewardship and productivity, and households' living conditions on the other hand. We first give an overview of the basic characteristics captured by the data ( The average age of the household head was 42 years with minor variations over the quartiles. Households were mainly headed by men and the average household size was 5 people per household. Two to three members worked on the farm. The number of active persons provides a good indication of the labour availability in the farms since the family labour is likely to be the largest labour source for many rural households. To assess the household needs, the household size was converted into adult equivalent units based on the number of persons, their age and gender. On average households counted 4.21 adult equivalents, with the largest households found amongst the largest landowners ( Table 2 ). The table introduces basic statistics on the farming practices by land quartile. We consider area used for crop production which is the total amount of land that a household cultivated during rainy and dry seasons in the corresponding year. Fallow land and marginal land used for grazing animals or reforestation were excluded from the analysis. Results reveal that households depend on less than one hectare of land (0.71 ha on average) for agricultural production. Clearly, Burundian farmers are poor, they use very little inputs for a subsistence production on a highly fragmented (average number of plots is 6, range from 1 to26) landholding. The basic input for agricultural production is land of which the size is limited due to an ever-increasing population. The distribution of land over the sample is rather unequal which results in a high number of very small-scale farms. An estimated 47% of the households in the sample had access to less than 0.5 hectare of agricultural land. Investments in agricultural production (agricultural expenditures) seem to be closely correlated with farm size with larger farms allocating more resources and spending more on inputs, but the overall levels of agricultural expenditure remain very low. The average yearly expenditure on seeds, labour and chemicals which included both fertilizers and pesticides amounted to 23.39, 26.23 and 10.57 USD respectively.
Smallholder farmers also lack access to extension and research services, as well as access to credit. Only 5% of the sample reported to have received credit during the cropping year of the survey. Despite the fact that farmers consistently reported a need for credit, microcredit rarely reached them. Commercial banks are reluctant to lend to farmers due to a lack of collateral. Agricultural cooperative, which could improve the access to credit [11] are not well developed neither. Only a small number of farmers interviewed were member of cooperative. In addition, despite the new institutional engagement of the government to expand the extension service, few farmers were aware of it. Since 2005, 2803 extension agents received training and were sent to every colline which brings them in walking distances of most farmers. Yet, only 10% of the farmers' population interviewed indicated to have received agricultural training during the cropping year 2011-2012 while almost one third had applied erosion control on their fields. Technology transfer and adoption are still problematic in the country due to weak linkages between research services and extension. In addition, the extension agents are often poorly trained and less motivated [47] . This is confirmed for other African countries where it was shown that the traditional communication approach following research had low impact on technology adoption of the users [48] .
Household Income and Food Production
The agro-ecological diversity of the country allows for a great variety of crops to be grown and farms mix several crops on their plots. Of the fifty-three crops reported in the survey, the shares in overall production (per land quartile) often most important crops are reported here (Figure 1) . Crops like wheat, banana, beans, potatoes and peanut were mainly produced on larger farms while small landowners had larger shares in rice production, peas and cassava. However, these results need to be interpreted carefully because some crops such as rice are mainly grown in the agroecological zones with high population density and hence small landholdings. Likewise, wheat is grown in the highland regions where population density is still low. Globally, the farms in the two quartiles with the smallest landholdings produced together less (34%) than the farms in the fourth quartile (39%). The contribution to the overall production of the third land quartile is low compared to the fourth quartile but significantly higher than the contribution of the second quartile (20%). The first quartile contributes very little to the total food production (14%). The annual household income (Table 3) , measured as a sum of the market value of food crops, the cash crop revenue and the non-farm income, is very low. On average household income is estimated at 650.63 USD per year. This should cover both food and non-food needs of the family (5 to 6 persons on average). The value of net crop and farm income (gross income minus expenditures on input) per hectare, a measure of partial land productivity, decreases with increasing land size. Whereas land productivity is higher for smallholders, the labour productivity (farm income per unit of labour) is higher for larger landholdings. These findings might be influenced by the cost of hired labour which is more temporary and hard to capture in terms of farm labourers.
Farm income (USD)
Overall mean Some studies link low income levels to a vicious circle of over-exploitation of land leading to continuous nutrient mining and loss of soil organic matter, and further reductions in the returns to fertilizer use [49] . Burundi is one of countries with the lowest levels of fertilizer use in Africa as on average only 7.4 kg of fertiliser are applied per hectare of arable land (Worldbank, 2013) 7 . This is confirmed by the results in table 2 that on average, only 10.57 USD are spent on fertilizers and pesticides. With this amount of money, a farmer can afford to buy only 8.1 kg of fertilizers (if the price of 1.3 USD/kg is assumed, subsidies not included)
8 . Farmers survive mainly on their agricultural produce but also on work for wage and self-employment activities throughout the year. The market value of production (food crops and cash crops) increases with farm size whereas non-farm/off farm income is important for household with small farms. Large numbers of small farms seem to be too small to provide a subsistence living. Roughly 36% of the surveyed households had one or more members engaged in non-farm employment. An average household gets 30% of its income from non-farm earnings. This ranges from 19% in large farms (fourth quartile) to 44% in nearly landless farms (first quartile). They try to diversify the household's livelihoods in order to increase income security, food security and risk coping ability. Yet, nonfarm income and employment opportunities seemed insufficient to adequately compensate for the low farm income. Local labour markets are not well developed, and only occasional ill-paid offand non-farm employment is not able to improve the food security situation of the households.
Household Food Security
This section presents the food security of the farm households. While food production was captured by household surveys, only food expenditures were reported during the interview 9 . Therefore, food accessibility indicator is used in order to consider both food production and purchases. We estimated the quantity of food that households could buy (calories and macronutrients) if they would have to spend all the income to food. Income is considered as the sum of market value of the farm production (food and cash crops) and off-farm income. Bundervoet (2006) [27] used the local and actually observed rural household behaviour to determine a consumption bundle deemed adequate to satisfy basic consumption needs. The reference food basket was expressed in terms of calories and ultimately assigned a monetary value. The food poverty line was calculated at 14.95USD/month (0.498 USD/day) to cover 2500 kcal per adult equivalent (daily), which enabled us to calculate the calories that each farm household in the sample could buy with its total income. 25.959*** Symbols indicate significant differences at ***: p-value ≤ 0.01, **: p-value ≤0.05, *: p-value ≤ 0.10 α: the reference value is the food poverty line (2500kcal per adult equivalent a day =14.95USD/30days) β: the reference value is the overall poverty line (18.25 USD/month x 12 months =219 USD/year) 
Efficiency and Poverty in Smallholder Farms
Efficiency levels
This section presents the results of the farm efficiency analysis. The mean efficiency score was 0.53 for the standard DEA and 0.49 for bias-corrected-scores. A t-test was used to compare the standard and bias-corrected scores. A significant difference between them at 95% confidence interval (8.417***) was found, which indicates that the sample distribution was slightly influenced by stochastic effects. The distribution over the sample of farms organised by land deciles showed similar trends for both standard and bias-corrected efficiency scores.
The rest of this paper uses the bias-corrected-efficiency scores. The results corroborate the low productivity findings which were also addressed in a recent report of the International Monetary Fund's [49] . The study highlighted an important need to improve the farming systems of Burundi. Profit maximisation models would yield higher efficiency scores [43] . The following graphs illustrate the distribution of the efficiency scores by the factors affecting productivity at farm level. The efficiency scores are largely influenced by the number of adult people working on the farm (Figure 2 ). The highest efficiency levels were found among households with fewer adults and active people in the household. Labour productivity was low when the number of workers was high while the land to be cultivated was relatively small. This reflects the high level of underemployment in the study area reported in previous studies [35, 50, 51] . Likewise, the distributionof efficiency scores shows a decreasing trend as the farm size increases. Figure 3 shows how efficiency levels of small farms result in different frontiers due to the variable return to scale assumptionimplying that each unit is compared to a 'peer group'. The general trend is that the level of efficiency is higher for farms with small landholdings (Figure 3 ). These results suggest an Inverse Relationship between farm size and productivity often highlighted in literature [3, 5, 18] . IR has been explained by imperfect factor markets leading to suboptimal resource allocation at the farm level. Labour market imperfection is often cited as a cause of low productivity on large farms due to supervision cost of hired labour. Also methodological issues are raised [18] . Another reason often put forward in literature is that IR emerges from other variables often omitted from the analysis [52] . In the case of Burundi, land fragmentation is high with an average Simmons index of 0.21. Farmers own many parcels (6 plots on average) spatially dispersed all over village areas, in neighbouring villages and in distant villages. Due to the distance from the farmstead to the plot, parcels at greater distance are cultivated less intensively. Poor infrastructure, potential theft and the cost linked to the implementation of soil conservation work result into farmer's low motivation to invest in distant plots [25] . This entails differences in land quality and therefore differences in soil productivity which clearly could affect the farm's output levels [53] . Numerous empirical studies also confirmed that soil quality affects the IR between farm size and productivity [52, 54, 55] . Including these variables in the efficiency analysis did not cancel the IR in an earlier study on Burundi [18] .
Distribution of efficiency score by landholding
This section shows the comparison of efficiency score over the categories of farms grouped in land deciles. The use of land deciles intended to give a more detailed view on the distribution of efficiency scores across sizes of landholdings. They range from 0.41 in the largest decile and 0.63 in the lowest decile showing that small landholdings are farmed more efficiently. A one-way ANOVA yielded an F-statistic equals to 20.776***, indicating that there are statistically significant differences between the land deciles in the mean efficiency scores. Yet these results cannot show which of 
Household poverty levels
The poverty head count index in the sample is 0.75. This result is in line with the International Monetary Funds' estimates that 80% of the farming population lives below the poverty line [49] . This suggests that only 25% of the farming population had income levels that succeeded to meet household food and non-food needs. The poverty gap and severity were on average estimated at 0.40 and 0.26 respectively, but, vary from 0.57 to 0.20 for the poverty gap and 0.42 to 0.10 for the poverty severity from the lowest to highest land decile (Table 6 ). The group of farms with the smallest size were worse off in terms of income. 
Farm productivity and household welfare
This section compares the farm productivity and household welfare indicators. Table 3 suggest that land ownership had a positive impact on household welfare while affecting the efficiency negatively. Off-farm income was important for the smallest farms and its importance decreased as landholding size increased. This is confirmed for other low income African countries [14] . The land-constrained households have little choice but to practice unsustainable farming methods, and this is undermining current and future land productivity. They are more likely to engage in offfarm work but their labour productivity is typically lower than that of large farms. While non-farm employment is believed to be a potential avenue to overcome land constraints among households, the underemployed workforce is typically engaged in the country's large informal sector where the level of payment is very low. Hence, the majority of the more diversified households are poor with the highest rate of household under the poverty line. It is hard then to appreciate how the inverse relationship between farm size and land productivity can strengthen nearly landless households under these conditions or how livelihoods can be sustained and allow them to cross the poverty line.
Factors Influencing the Household Welfare
The results presented in table 7 give an indication that landholding has a positive impact on household welfare while being negatively correlated with the farm efficiency. Yet, what happens if efficiency increases for a given land area? Will it increase welfare? An econometric model including other household and farm characteristics as explanatory variables is necessary to gauge the causality between farm efficiency and household's welfare. The variables included are: efficiency, age and gender of the household head, education, active people in the household, participation in producer cooperatives, access to credit, farm size and land fragmentation indicator (Simmons index), and agricultural expenditures. Variables like age and gender of the household head, education, participation in producer cooperatives, and access to credit did not yield a significant effect on the household welfare and were not included in the final model. The variable efficiency could potentially be considered as endogenous because the dependent variable income is indirectly used to calculate the efficiency levels. Hence three instrumental variables are selected for a 2-stage least squares approach. The variables land, agricultural expenditures and active people can serve as instruments for the efficiency. Both agricultural investments and land can be considered as perfectly suitable instrumental variables but enter also in the main equation of the linear regression model. This is not the case for the number of active people because we assume that the redundant availability of labour does have a direct link with income or welfare. Table 7 presents the outcomes of the explanatory variables for a farmer's welfare, taking into account the endogeneity for variable efficiency and using number of active people as an instrument. The dependent variable is income per adult equivalent (BIF/adult equivalent) as an indicator of the household welfare. These results demonstrate how efficiency positively impacts farmers' welfare. Hence, keeping all other variables (including for example land) constant, a farmer can increase household welfare by improving productivity. Investment and landownership positively impact a farmer's welfare. Land concentration seems to negatively impact welfare. This can be due to the fact that wealthy farmers buy more land which increases their number of plots. Note however that also for these variables some endogeneity or simultaneity problems might arise. 
Conclusions and Policy Implications
This study analysed the efficiency and poverty levels of small-scale farms of Burundi. Despite the significant efficiency in smallholder agriculture, findings raise concerns about the viability of these very small-scale farms in the densely populated areas of the country. Given the rapid population growth, shrinking farm sizes, and declining soil fertility, it has become very difficult to ensure household food security. Most households have such small landholdings that agriculture may not be a realistic possibility for earning a living even if efficiency is high.
This situation is expected to worsen with the continuing land subdivision due to the inheritance system. As a consequence, poorest household mainly depend on casual labour income in order to survive. Both consumption and income appear as increasing functions of landholdings. Yet the scope for expanding agricultural land is very limited in Burundi, putting limits on the ability to generate sufficient economic livelihood among households.
Under the current farm practices, smaller farms are more efficient but given their small size, this efficiency level is insufficient to raise them above the poverty line. Without fundamental changes in agricultural policies and farming systems, Burundi has little scope for sustainable smallholder-led agricultural intensification. In the absence of non-farm income, the source of rising local incomes would come from supporting agricultural growth among the small but sustainable farmers (especially farms able to invest in soil fertility restoration) and thereby catalysing a more successful economic transformation. This highlights a great need for policies that stimulate agricultural investment such as credit access, improved markets for agricultural products and more effective extension services. Moreover, land markets could allow households to buy and sell land. This would facilitate to free lands for other farmers.
Sustainable rural employment is critical to encourage the nearly landless farmers leave farming activities (or to free labour from the farms) which may benefit those who might remain on farm operations as well. The transfer of the workforce to other sectors would make agriculture more viable for at least three reasons: first, it would free up agricultural land. Second, it would allow more investment in agriculture via transfer of investment or remittances. Finally, it would improve the market for those farmers who stay in agriculture. This could boost the potential for agriculture to play its role. It would create possibilities to generate scale economies and have positive spill-over effects on the growth of other sectors. This paper does not suggest abandoning policies directed to very small farms in agriculture, but cautions that policy in the field of rural development should be rethought for designing successful poverty reduction strategies.
Notes:
1 A partial checking of the database was done. As result one part of the data was removed as we could not manage to correct all the errors.
2
Previous studies highlighted that 72% of food production were consumed by the household while 28% were either sold to the market or exchanged through social network.
3
Information on average price is found at the national statistics Bureau (Annuairestatistique 2013). Information from the regional agricultural office (Karuzi) on prices (in 2012) of fertilisers before the subsidy programme which is currently applied on fertiliser sector in Burundi (since august 2012).
9
Farmers could not remember all the food items bought during the survey year. 
